Abstract The bumble and cuckooo bees (Hymenoptera: Apidae: Bombini; Bombus spp. and Psithyrus spp., respectively) are important plant pollinators and any decline in numbers or species constitutes a significant threat both to biological diversity and to whole economies. The distribution, status and factors threatening all 60 known taxa (species and subspecies) of Bombini of 11 countries of Western and Central Europe (Belgium, the Netherlands, Luxembourg, Denmark, Germany, Switzerland, Austria, Czech Republic, Slovakia, Hungary, Poland) were assessed from the beginning of the 20th century. The analysis was based on a literature review, unpublished data, personal communications, our own observations, and an expert review. The IUCN Red List categories were used for assessing the threat of extinction. Eighty per cent of taxa were threatened in at least one country of the region, and 30% of taxa were threatened throughout their range in the countries considered. More species went extinct per country in the second than in the first half of the 20th century, and four taxa went extinct in all 11 countries during 1951-2000. Amongst the factors adversely affecting the Bombini anthropogenic factors (particularly those associated with large-scale farming schemes) appear to be of greater importance than natural factors. To halt population declines and species extinctions it will be necessary to preserve aspects of traditional farming practices and for all Bombini to be afforded legal protection in all countries of the region. The implementation of the European Union's Common Agricultural Policy is likely to have the greatest single impact upon pollinators in the near future.
Introduction
Because of their role as pollinators the bumble and cuckoo bees (Hymenoptera: Apidae: Bombini; Bombus spp. and Psithyrus spp., respectively) have been receiving increasing attention, and a marked decrease in numbers has been noted worldwide (Williams, 1982 (Williams, , 1988 (Williams, , 1989 (Williams, , 2005 Corbet et al., 1991; Monsevičius, 1995; Allen-Wardell et al., 1998; Kearns et al., 1998; Goulson, 2003; Goulson et al., 2005) . Pollinators play a key role in ecosystems, ensuring production value in crops, survival and maintenance of plant diversity, and trophic integrity (Herrera & Pellmyr, 2002 ). An estimated .80% of crops in the European Union directly depend upon biotic pollination (Williams, 1994) . Similarly, .80% of all wild plant species depend on insect pollination and .60% of plant species show pollination limitation (Burd, 1994) . The drop in the numbers of insect pollinators, particularly Bombini, constitutes a significant threat both to biological diversity and to whole economies.
In most regions of the world, however, there is a significant lack of data on the biology, distribution, status or causes of the decline of the Bombini. This is the case even in Europe with its relatively long tradition of entomological studies. Here we assess the distribution, status and factors threatening all known taxa of Bombini in 11 Western and Central European countries, and assess the implications of the decline in these taxa for agriculture and biodiversity.
questionnaires completed by experts from the countries covered by the analysis.
For assessing the threat of extinction we used the IUCN Red List categories (IUCN, 2001) . For each taxon (species or subspecies) an index of overall threat was also calculated by dividing the number of countries in which the species was in one of the Red List categories (EX, Extinct; CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened) by the total number of countries in which the species was present.
To test whether there has been an increase in threats to the Bombini the 20th century was divided into preand post-1950 periods and the total number of extinction events in all countries compared for these two periods. A list of 21 anthropogenic and natural factors adversely affecting the Bombini was prepared from a literature review. The experts, to whom this list was sent, chose factors that they considered to be drivers of Bombini decline in their countries. Systematics of the Bombini followed Reinig (1981 ), von Hagen & Aichorn (2003 , Přidal (2004) and NHM (2005) .
Results
The earliest information on Bombini for the countires considered dates from the last half of the 19th century, from Poland (Siła-Nowicki, 1864; Wierzejski, 1868 Wierzejski, , 1874 Śnież ek 1893 , 1899 and Austria (Mü ller, 1881). There are records for the first half of the 20th century from Belgium (Rasmont & Mersch, 1988) , Denmark (H.B. Madsen & R. Mortensen, unpubl. data) and the Netherlands (C. Achterberg, pers. comm., 2002) , and later from Hungary (Mó czár, 1957) , the area of the Czech Republic and Slovakia (May, 1959) and the remaining countries of Western and Central Europe considered here. The information pertained mainly to records of taxa, and only to a limited extent to distribution, numbers and habitats.
The 60 taxa (species and subspecies) of Bombini found to occur in the 11 countries since the beginning of the 20th century included 48 taxa of bumble bees and 12 taxa of cuckoo bees (Table 1 ). The least number of taxa (26-30) were found in small (Luxembourg) and lowland countries (the Netherlands and Denmark). Countries with diverse physical and geographical features (Germany, Switzerland, Austria, Czech Republic, Slovakia and Poland), had the most taxa (38-45). There was no relation between country area and the number of taxa.
The first intimation of threats to the Bombini, and of known extinctions, dates from the 1940s for Belgium (Rasmont et al., 1993) , Denmark (H.B. Madsen & R. Mortensen, unpubl. data), the Netherlands (C. Achterberg, pers. comm., 2002) and Poland (Banaszak, 2000) . Extinctions also subsequently occurred in Austria (Aichhorn, 1983; J. Neumayer, pers. comm., 2002) , Switzerland (Amiet, 1994) , Hungary (M. Sárospataki, pers. comm., 2002) , Germany (Riess et al., 1976) , and the Czech Republic (A. Přidal, pers. comm., 2004) .
We were able to evaluate the status of most taxa in the 11 countries but were not able to evaluate 74% of the taxa occurring in Luxembourg. Data Deficient species accounted for ,10% of taxa except for Poland (26.8%) and Slovakia (13.2%; (Table 3 ).
In the opinion of experts the reason for changes in composition and distribution of Bombini in the 11 countries can be attributed to the effects of a range of both anthropogenic and natural factors (Table 4) . Of the anthropogenic factors, fragmentation and decrease in suitable habitats were considered to have adversely affected Bombini in 10 of the 11 countries, and homogenization of habitats due to agricultural practices and intensive use of chemical fertilizers, herbicides and pesticides, to have affected Bombini in nine countries. Pollution by heavy metals, mortality due to tourism and road traffic, and expansion of urban areas were considered to be important drivers of pollinator loss in approximately half of the countries examined.
Changes adversely affecting the Bombini in the 11 countries have in some cases resulted in legal protection and some species have been included in Red Data lists (Table 5 ). In Germany, Switzerland, Czech Republic, Slovakia and Poland all or almost all Bombini taxa are legally protected. In Belgium, Austria and Hungary selected species are protected. The Bombini are not legally protected in the Netherlands, Luxembourg or Denmark.
Discussion
Although the use of a data set compiled by country is to some extent artificial (international boundaries generally being arbitrary rather than following natural landscape features) our analyses yielded some important insights for conservation and confirmed concerns about the conservation status of this group of pollinators. Only 20% of the 60 Bombini taxa were not threatened in some way in the 11 countries studied. The remaining 80% were threatened in at least one country, with more than half of all taxa threatened in most countries. This evidence of adverse changes in the species composition and distribution of the Bombini across this large area of Western and Central Europe corroborates the results of country-based studies in this region (Riess et al., 1976; Wergin, 1977; Aichhorn, 1983; Warncke et al., 1984; Starzyk & Kosior, 1985; Kosior, 1987 Kosior, , 1990 Kosior, , 1992c Kosior & Nosek, 1987; Westrich, 1990; Kosior & Witkowski, 1997; Banaszak et al. 1998; C. Achterberg, pers. comm., 2002; R. Chlebo, pers. comm., 2002; J. Neumayer, pers. comm., 2002; P. Rasmont, pers. comm., 2002; M. Sárospataki, pers. comm., 2002; von Hagen & Aichhorn, 2003; Celary et al., 2004; S. Durrer, pers. comm., 2004; H.B. Madsen, pers. comm., 2004; A. Přidal, pers. comm., 2004) . Neither the total number of taxa nor the total number of threatened species of Bombini per country could be explained by country area or longitude. The apparently greater number of species extinctions in the second half of the 20th century could be affected by the fact that earlier data may have been less precise. However, a similar trend in increasing extinctions has been noted for butterflies in Poland (Razowski, 1985) and bumble bees in Britain (Williams, 1982) . In the second half of the 20th century more species also expanded their ranges than in the pre-1950 period. These expansions do not seem to be facilitated by weaker competition from declining species, as they do not share the same niche, and the species expanding their ranges are probably more tolerant of anthropogenic pressures. The assessment of factors threatening the Bombini was based largely on expert opinion. Whilst there are disadvantages to the use of such subjective judgement it was, however, the only way to obtain proxy information of drivers of Bombini decline in the region. Although experts' opinions on the importance of factors such as hiking or road kills were diverse, they were consistent on the importance of the impacts of various aspects of large-scale farming schemes, similar to findings regarding the role of agricultural intensification and habitat fragmentation and isolation (SteffanDewenter & Tscharntke, 2002) in Bombini declines.
In the opinion of the experts surveyed the importation of alien pollinators is not important in the decline of the Bombini, although they noted the important role of competition with honey bees Apis spp.. Competition for floral resources occurs between Bombini and several introduced bee species (Goulson, 2003) , and between wild bees and managed pollinators (Butz-Huryn, 1997; Steffan-Dewenter & Tscharntke, 2000) . Competition with honey bees has been identified as one of the factors contributing to the extinction or decline of bumble bee species in central England, along with predation, parasites, pesticides, and changes in vegetation structure (Williams, 1982) . The latter was largely a result of intensification of agriculture: an acceleration of mechanization, drainage of pastures, and the increase in the size of fields by the removal of hedges. Intensification of agricultural practices are regarded as contributing to the decline of Bombini in the former East Germany, Belgium and Northern France (Williams, 1982) .
Species richness amongst British bumble bees is influenced by the availability of food plants (Williams, 1989) , and long-tongued and therefore more specialized bumble bees are more likely to have exhibited a decline (Goulson et al., 2005) . For this reason introduction of non-native flowering plants may also contribute to pollinator loss (Brown & Mitchell, 2001; Chittka & Schü rkens, 2001 ). There may be a synergistic effect of pressure from natural mortality factors and the increasing impact of anthropogenic effects on the Bombini. For example, the spread of diseases and parasites of Bombini has been identified as an important driver of pollinator loss (Watanabe, 1994) . It is known that the nematode Sphaerularia bombi is capable of sterilizing gonads in 35-90% of wintering bumble bee females (Pouvreau, 1974) .
The general conclusion from our analysis is that to halt population declines and species extinctions of Bombini it will be necessary, above all, to preserve aspects of traditional farming practices. The maintenance 85 Table 5 Legal protection accorded to the Bombini of 11 Western and Central European countries (Fig. 1) of habitat patchiness and limiting use of chemical preparations and heavy machinery are of key importance for the Bombini. Approaches to the conservation of Bombini differ significantly between countries, and in some countries of the region the protection afforded to this economically important group of insects is inadequate. Given their importance as pollinators it would be appropriate for all Bombini taxa to be afforded legal protection in all countries of the region, and for threatened taxa to be assessed for inclusion in the relevant national and regional Red Lists. The growing evidence of pollinator loss in Europe has resulted in a number of initiatives to protect the Bombini. A recent European Union funded project, ALARM (Assessing LArge scale environmental Risks for biodiversity with tested Methods; Settele et al., 2005) , focuses on risks consequent, amongst others, on loss of pollinators. As changes in agricultural practices are probably the main single factor affecting Bombini in the region, and as the majority of the countries are EU members, the implementation of the EU's Common Agricultural Policy is likely to have the greatest single impact upon pollinators in the near future. A prerequisite to halt pollinator loss in Europe is for this Policy to follow advice provided by results of scientific research. Unfortunately, pollinator loss is rarely perceived as a serious threat to biodiversity by the general public, and an increase in awareness of this issue is therefore also of great importance.
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